Background: Endovascular embolization represents the method of choice for the treatment of carotid-cavernous fistulas (CCFs). Methods: We report our experience using the endovascular technique in 24 patients harboring 25 CCFs treated between October 1994 and April 2010, with an emphasis on the role of detachable balloons for the treatment of direct CCFs. Results: Of the 16 patients who presented with direct CCFs (Barrow Type A CCFs) (age range, 7-62 years; mean age, 34.3 years), 14 were caused by traumatic injury and 2 by a ruptured internal carotid artery (ICA) aneurysm. Eight patients (age range, 32-71 years; mean age, 46.5 years) presented with nine indirect CCFs (Barrow Types B, C, and D). The clinical follow-up after endovascular treatment ranged from 2 to 108 months (mean, 35.2 months). In two cases (8%), the endovascular approach failed. Symptomatic complications related to the procedure occurred in three patients (12.5%): transient cranial nerve palsy in two patients and a permanent neurological deficit in one patient. Detachable balloons were used in 13 out of 16 (81.3%) direct CCFs and were associated with a cure rate of 92.3%. Overall, the angiographic cure rate was obtained in 22 out of 25 (88%) fistulas. Patients presenting with III nerve palsy improved gradually between 1 day and 6 months after treatment. Good clinical outcomes [modified Rankin scale (mRS) ≤ 2] were observed in 22 out of 24 (91.6%) patients at last follow-up. Conclusions: Endovascular treatment using detachable balloons still constitutes a safe and effective method to treat direct carotid-cavernous fistulas.
INTRODUCTION
Carotid-cavernous fistulas (CCFs) are abnormal arteriovenous shunts in the cavernous sinus (CS). According to Barrow et al., [2] CCFs are classified into two categories: direct fistulas (Type A) and indirect fistulas (Types B, C, and D) [ Table 1 ]. Direct CCFs are high-flow shunts between the cavernous segment of the internal carotid artery (ICA) and the CS, usually caused by traumatic injury or a ruptured aneurysm at this level. [14, 21] Indirect CCFs or dural shunts usually occur spontaneously and are supplied either by dural branches of the ICA (Type B) or dural branches of the external carotid artery (Type C) or both (Type D). Endovascular embolization represents the first therapeutic modality for CCFs because it is associated with high occlusion and low complication rates. The endovascular treatment of CCFs involves the use of different embolic materials including detachable balloons, silk, coils, n-butyl cyanoacrylate (n-BCA), covered stents, and recently, Onyx. In this study, we report our experience with the use of different embolic agents to treat 24 patients with a total of 25 CCFs. Also, we emphasize the role of detachable balloons in the treatment of direct CCFs.
MATERIALS AND METHODS

Patients
We analyzed the clinical and radiological data of 24 patients harboring 25 CCFs (16 direct and 9 indirect) treated between October 1994 and April 2010. Endovascular embolization using the transarterial and/or transvenous approach was performed. Patient's age and sex, type of fistula, endovascular approach, complications, clinical and angiographic evaluation were recorded [ Tables 2 and 3 ].
Methods
Endovascular technique
All the procedures were performed under general anesthesia and using standard interventional neuroradiology techniques. Anticoagulation was performed with heparin IV administered as a bolus and then by hourly maintenance doses to maintain the anticoagulation time (ACT) at twice the baseline. Anticoagulation was initiated after groin puncture in all patients except in those who presented with intracranial hemorrhage. Endovascular treatment with detachable balloons was chosen as the first-line therapeutic modality for the treatment of direct CCFs. Manual or balloon test occlusion of the ICA at the time of contralateral ICA or vertebral artery contrast injection was performed to locate the fistulous site prior to the embolization of CCFs Type A. For the treatment of CCFs Type A, FastTracker-10 and Fast-Tracker-18 microcatheters (Boston Scientific Co., Boston, Mass, USA ) were utilized for the detachment of balloons (gold valve balloon #9, #12, #16, and # 17; Nycomed Ingenor, Paris, France) and platinum coils, respectively. The detachable balloons were mounted on the tip of the microcatheter with the support of microguidewires (Dasher 10; Boston Scientific Co., Fremont, CA, USA). Under road mapping technique, the balloon was navigated across the fistulous gap to reach the involved compartment of the CS. Once at the fistulous site, either balloons or coils were inflated or deployed, respectively, until the fistula showed complete obliteration. Occasionally, more than one balloon was used to occlude large compartments of the CS.
In CCFs Types C and D, polyvinyl alcohol (PVA) particles (250-350 μm, Ivalon, Nycomed Ingenor) or n-BCA (Histoacryl, Braun, Melsungen, Germany) mixed with lipiodol were injected via external carotid artery (ECA) dural feeders as first line of treatment. The transvenous approach was mainly used for CCFs Types B and D. A transvenous access via the inferior petrosal sinus (IPS) was attempted in four cases. Direct surgical exposure of the superior ophthalmic vein (SOV) was performed using a 16-gauge needle catheter in two cases. Then, with coaxial technique, the fistulous site at the CS was approached via a microcatheter for the deployment of platinum coils (Boston Scientific Co., USA) until occlusion was obtained.
Clinical and angiographic follow-up
Immediate clinical and angiographic follow-up was available in all cases. Long-term clinical outcomes were evaluated by reviewing the patient's clinical notes and by phone interviews. Initial and last clinical status were BT: Blunt trauma, BW: Bullet wound, n-BCA: n-butyl cyanoacrylate, PVA: Polyvinyl alcohol, TA: Transarterial, TV: Transvenous, TV; mRS: modified Rankin scale at follow-up, † Patients were treated in two sessions, † † Transvenous approach through the superior ophthalmic vein, ‡ Premature detachment of the balloon in the ICA proximal to the CCF, **Asymptomatic carotid occlusion, ***The transvenous approach was attempted but the catheter could not reach the fistulous site, ****Both endovascular approaches were attempted without success graded according to the modified Rankin scale (mRS) defined as follows: Grade 0, no symptoms at all; Grade 1, no significant disability despite symptoms being present, but able to carry out all usual activities; Grade 2, slight disability: unable to carry out all previous activities but able to look after own affairs without assistance; Grade 3, moderate disability: requiring some help but able to walk without assistance; Grade 4, moderately severe disability: unable to walk and attend to own bodily needs without assistance; Grade 5, severe disability: bedridden, incontinent, and requiring constant nursing care and attention; and Grade 6, death. An mRS of less than or equal to 2 was considered a good outcome. Immediate and long-term imaging follow-up was performed using digital subtraction angiography (DSA) and magnetic resonance imaging, respectively.
RESULTS
General characteristics
There were 14 men and 10 women, aged from 7 to 71 years (mean age, 37.5 years). The elapsed time between onset of symptoms and treatment ranged between 6 weeks and 4 years. Of the 25 CCFs treated, 16 were direct CCFs (Barrow Type A) and 9 were indirect CCFs (Barrow Types B, C, and D). Direct CCFs were treated as follows: detachable balloons alone (n = 12), coils alone (n = 3), and combined detachable balloons and coils (n = 1). Indirect CCFs were treated as follows: coils alone (n = 3), n-BCA (n = 2), PVA alone (n = 1), combined coils and PVA (n = 1), silk (n = 1); and in one patient the procedure failed. After treatment, ocular signs and symptoms resolved in 22 out of 24 patients (91.6%). Clinical symptoms at presentation and following treatment are presented in Table 2 . Representative cases are shown in Figures 1-3 .
Direct carotid-cavernous fistulae
Of the 16 patients with CCFs Type A, 15 were cured (93.7%). In three patients (12%) who presented with CCFs Type A, the ICA lumen could not be preserved. Of these three patients, two (Case #11 and #12) showed complete occlusion of the fistula and in one patient the procedure failed (Case #13). Four patients (Case #1, #4, #6, and #9) required a second session of endovascular treatment using detachable balloons because of symptoms of recurrence. In this group of patients, the intervention was performed during the first week. The transarterial endovascular approach was utilized in 15 patients and the transvenous approach through the SOV in 1 patient. Detachable latex gold valve balloons alone were utilized in 12 patients, coils alone in 3 patients, and combined balloons with coils in 1 patient. Procedural complications occurred in three patients: two patients were symptomatic and one patient was asymptomatic. One patient (Case #7) presented with transient VI nerve palsy, most probably caused by compression due to the balloon, and showed a good clinical grade (mRS = 1). A permanent neurologic complication occurred in one patient (Case #2) due to air embolism during the endovascular procedure and resulted in aphasia with right hemiparesis (mRS = 3). In one patient (Case #13), a prolonged manipulation of the balloon through a tortuous right ICA led to its premature detachment proximal to the fistulous site occluding the petrous segment of the ICA without occluding the fistulous site, and the patient remained neurologically stable (mRS = 2). In this case, we attempted to catheterize the IPS, but the catheter could not reach the fistulous site.
All ocular signs and symptoms resolved after closure of the fistula except in three patients: in one patient, the embolization procedure failed; in another patient, the ophthalmoplegia did not resolve; and one patient presented with VI nerve palsy probably caused by compression due to the balloon [ Table 2 ]. 
Indirect carotid-cavernous fistulas
Eight patients with nine indirect CCFs were treated by endovascular means. The transarterial approach alone was utilized in two patients: one patient (Case #17) was treated with PVA and the other one (Case #22) with n-BCA. In both patients, good clinical grades were achieved (mRS = 0). The transvenous route alone was utilized in three patients harboring four fistulas: two fistulas were treated with coils (Case #18), one fistula was treated with PVA and coils [ Figure 2 ] (Case #19), and one fistula was treated with silk fragments (Case #21). All patients had good clinical grades at the last follow-up (mRS = 0). Transarterial and transvenous endovascular approaches were attempted in one patient (Case #20) without success. In one patient, the fistula was treated with n-BCA using the stylomastoid artery (Case #24), resulting in a good clinical grade (mRS = 2).
In one case (Case #19), a near-complete occlusion (90% angiographic occlusion) of the fistula was achieved using the transvenous route alone and was associated with symptomatic improvement (mRS = 1). In another patient [ Figure 3 ] (Case #23), the transvenous route through the SOV was utilized for the deployment of platinum coils and resulted in a good clinical grade (mRS = 0). Of the nine patients with indirect CCFs, seven were angiographically cured (77.8%). In all cases, angiographic obliteration of indirect fistulae was associated with remission of the clinical picture. A transient neurological complication related to the procedure occurred in one patient (Case #24). In this case, the transvenous route was attempted without success, making the transarterial embolization through the stylomastoid artery with n-BCA necessary since the main drainage of the fistula was directed toward the basal vein of Rosenthal, anticipating an aggressive clinical course if it had not been treated. However, 6 hours after the procedure, the patient presented with cranial nerve palsy because of the inadvertent embolization of one of the branches of the stylomastoid artery supplying the facial nerve. At 6 months of follow-up, the patient showed complete resolution of her ocular signs and symptoms related to the fistula with some improvement of the iatrogenic facial nerve palsy (mRS = 2).
Overall results in carotid-cavernous fistulas
The overall analysis of the 25 CCFs treated by endovascular means shows that 22 (88%) fistulas were cured. One indirect CCF had near-complete occlusion (90% angiographic occlusion) and was associated with symptomatic improvement. In two cases (8%), the endovascular procedure failed. Complications related to the procedure occurred in four patients: three symptomatic and one asymptomatic. The symptomatic neurologic complications were as follows: a transient VI cranial nerve palsy in one patient, a transient VII cranial nerve palsy in one patient, and aphasia with hemiparesis in one patient. In one patient, the manipulation of the balloon in a tortuous ICA led to its premature detachment occluding the ICA proximal to the fistula, and the patient remained asymptomatic. Twenty-two out of 24 patients (91.6%) showed good clinical outcomes (mRS ≤ 2) at the last follow-up.
DISCUSSION
The clinical manifestations and course of CCFs can be benign, intermediate, or severe, depending on their angioarchitectural and hemodynamic characteristics. [10] Symptoms of direct CCFs are often abrupt in onset and progress rapidly. On the other hand, indirect fistulas generally present with a gradual onset and milder clinical manifestations. In general, the most common clinical manifestations of CCFs are proptosis, chemosis, exophthalmos, conjunctival injection, cranial nerve palsy, visual deficits, headache, and tinnitus or bruit. [19] In cases with aggressive clinical behavior accompanied by severe orbital venous hypertension and/or leptomeningeal venous drainage, occlusion of the fistula is mandatory in order to decrease the risk of visual loss, severe epistaxis, progressive focal neurological deficits, dementia, venous infarction, intracranial hemorrhage, and ultimately death. [31, 41] Due to its relative rarity and surgical difficulty, embolization of CCFs represented a reliable procedure to evaluate the feasibility of introducing endovascular therapy in Peru. In the early 1990s, endovascular therapy in a country with a broken economy brought additional challenges such as a scarce set of latex balloons and microcatheters due to problems with the import of these expensive materials and the necessity to succeed completely in embolizing a given CCF to justify the costs involved, not to mention the difficulties imposed by the intervention per se with a neurointerventionalist beginning his learning curve. At the end of the 1990s, both balloons and Guglielmi detachable coils (GDC) became available in Peru, but due to acceptable results achieved by us and mainly for economical reasons, latex balloons still represent our first choice to manage Type A CCFs. This balloon technology also applies to the endovascular treatment of very large and giant cerebral aneurysms in our practice. Controlled-release detachable coil embolization is much more expensive, especially in large lesions. Training of specialists was a difficult task due to the scarcity of both materials and endovascular interventions.
Endovascular treatment of direct CCFs
Although the use of stent grafts and liquid embolic materials is gaining popularity, transarterial embolization using detachable balloons has been considered the first therapeutic modality for the treatment of direct CCFs. [5, 6, 12, 33, 36] Serbinenko and later Debrun developed the balloon technology and techniques for the endovascular obliteration of direct CCFs, preserving the lumen of the ICA. [5] [6] [7] 33] The majority of patients who are successfully treated using this technology show postoperative ICA patency ranging from 59 to 88%. [6, 17, 21, 22] In some cases, occlusion of the ICA lumen is necessary sometimes to obliterate the fistula completely. [4] The accumulated experience has ascertained the efficacy of this treatment modality and has become the first-line therapy for high-flow direct CCFs. In our practice, endovascular treatment with detachable balloons is chosen as the firstline therapeutic modality for direct CCFs. We utilized detachable balloons in 81.3% of patients with direct CCFs, resulting in a cure rate of 92.3%, with ICA lumen preservation in 80% of patients. From our point of view, detachable balloons still constitute a safe, economic, and effective method for the treatment of direct CCFs with preservation of the ICA. However, despite the advantages of this procedure, there are some technical limitations if the preservation of the parent artery is desired, such as: 1) a small fistula in the CS may not allow the passage and inflation of the balloon; 2) the balloon may rupture if it comes into contact with sharp osseous fragments; and 3) a premature detachment and migration of the balloon into the ICA can lead to stroke. Also, once deployed, an inflated balloon may cause serious neurologic damage by two different mechanisms: [32, 40] 1) venous drainage may redirect either to the orbit or to the pial veins, worsening the symptoms and increasing the probability of visual loss and cerebral hemorrhage and 2) an overinflated balloon may exert direct compression on the cranial nerves. In our series, we reported two technical complications associated with the use of detachable balloons: a patient (Case #13) in whom the premature detachment of the balloon resulted in asymptomatic internal carotid artery occlusion proximal to the fistula and a patient (Case #7) with reversible VI nerve palsy probably caused by compression of the balloon. Three out of 16 patients with direct CCFs (18.8%) had ICA occlusion. In these cases, detachable balloons were employed. Occlusion of the carotid artery did not result in neurological deficits in any of the patients. In two patients (Cases # 11 and #12), the carotid artery occlusion was intentional, while in the last patient (Case #13), it was accidental. None of the patients had previous balloon test occlusion. However, contralateral ICA and/or vertebral angiogram performed immediately before balloon detachment demonstrated a patent circle of Willis with good perfusion of the carotid tree in the side of the lesion; otherwise, the detachment of the balloons could not have been attempted and coil embolization would have proceeded. Other embolic agents for the treatment of direct CCFs include coils, n-BCA, Onyx, and silk. Occlusion of a direct CCF by transvenous approach usually involves the IPS up into the shunt involving the CS. [19] If the IPS is occluded or absent, access into the CS can be obtained through the SOV, as seen in Case #16.
Endovascular treatment of indirect CCFs
Since spontaneous remissions occur in 9.4-50% of indirect CCFs, some authors recommend expectant or palliative treatment for benign cases. [2, 7, 13, 15, 30] However, besides the apparent efficacy of the expectant management of indirect CCFs, it may be a bias to select low-flow fistulas with benign course and significant tendency to spontaneous thrombosis. Additionally, these patients would need a close follow-up for early detection of visual loss and neurological symptoms. Thus, endovascular embolization should be the primary treatment for indirect CCFs. [15, 24] Transarterial embolization of indirect CCFs generally is cumbersome because of the small size, tortuous anatomy, and multiplicity of arterial feeders. In patients with indirect CCFs, especially the ones supplied predominantly by meningeal branches of the ECA (Types C and D), the microcatheter must be placed as close as possible to the fistulous site for the injection of proper embolic agents under fluoroscopic control with the goal of occluding the fistulous connection and penetrating the CS. [7, 20] The transarterial embolization technique in these types of fistulas may cure CCFs Type C and markedly decrease the blood flow in CCFs Type D to such an extent that the fistulous compartment of the CS may eventually lead to spontaneous thrombosis. Since embolization of small branches coming off the ICA in indirect CCFs may carry a higher risk of cerebral infarction, the transvenous embolization with coils via the IPS or SOV through surgical exposure has gained acceptance and has been demonstrated to be effective in this type of fistulas. The most commonly used agents for transarterial embolization of indirect CCFs include n-BCA, [27] Onyx, [3, 28] and PVA. [38, 39] One of the earliest and more relevant experiences with the transarterial embolization technique of indirect CCFs was reported by Vinuela et al., [38] using PVA particles and isobutyl cyanoacrylate (IBCA). The risk of transarterial embolization of indirect CCFs lies in the anastomotic communication between dural arteries supplying the fistula and meningeal and pial vessels supplying cranial nerves and brain tissue, increasing the risk of cranial nerve palsy and stroke, respectively. In our series, we report one patient with an indirect CCF whose embolization through the stylomastoid artery with n-BCA resulted in transient VII nerve palsy. The cure rate for indirect CCFs using the transarterial approach ranges between 70 and 78%. [38] In our series, we embolized three indirect CCFs using the transarterial approach, achieving cure in two patients (66.7%).
The transvenous approach has become the treatment modality of choice for symptomatic indirect CCFs due to its better results compared to other therapeutic modalities. [19, 24] The high long-term success rate of this technique lies in its simplicity compared to transarterial methods and the ability to cure the fistula often in a single session. The most common embolic agents include coils, PVA, n-BCA, and Onyx, either alone or in combination. The advantage of using coils lies in its radiopacity, ease of use, controlled deployment, and ability to be removed if the initial placement is not optimal. [10] Also, coils adopt the shape of the fistulous compartment and rarely migrate or experience deformation. In our series, we mainly used coils for the treatment of indirect CCFs [ Figure 2 ]. In CCFs Types B and D, transvenous embolization with coils has demonstrated to be effective and represents the treatment of choice. [13] Onyx (eV3 Neurovascular Inc., Irvine, CA, USA) is a liquid embolic agent that is effective for the treatment of direct and indirect CCFs. It can be used alone [23, 43] or in combination with coils [16, 35] and stents. [34, 42] However, the use of Onyx is not exempt from complications such as transient compressive neuropathies or cranial nerve ischemia/infarction caused by post-embolization CS thrombosis and penetration within arterial collaterals, respectively. [9] There is a need for larger series and follow-up data to determine if Onyx can be considered a definitive treatment for this type of lesion.
The largest reported series using the transvenous approach for indirect CCFs comes from Kirsch et al., [18] with 141 patients who underwent 161 treatment sessions achieving complete obliteration of the fistula in 81% of patients. Meyers et al. [24] reported the largest series of indirect CCF treated by endovascular means with 133 patients and a mean follow-up of 56 months. They reported a cure rate of 90%, with good clinical outcomes in 97% of the patients and a procedure-related morbidity of 2.3%. Similarly, in our series, we reported eight patients with indirect CCFs with a mean follow-up of 42.7 months. The reported cure rate was 77.8% and good clinical outcomes were obtained in all patients. The procedure-related morbidity was 12.5%.
The transvenous approach is frequently achieved via the IPS; however, the facial vein or angular vein can also be used for catheterization, with the approach involving the angular vein being the most technically difficult. If transvenous jugular route fails, a retrograde catheterization with surgical exposure of the SOV at the level of the eyelid could be performed. [11, 19, 26, 30, 37] Complications associated with different venous approaches are injury of the cranial nerves due to the dense packing of the CS with coils as well as vascular dissections and perforations. [29] The reported complications associated with the SOV approach include hemorrhage, visual loss, IV nerve palsy, and infection. [1, 8, 25] Despite the fear of causing these complications, the SOV approach is still considered a direct, safe, and effective technique in the treatment of CCFs. In our series, we utilized the SOV approach in one patient with an indirect CCF (Case #23) and in another patient with a direct CCF (Case #16), both resulting in complete obliteration of the fistula.
Training in the maneuvers to handle latex balloons is critical because proximal or distal displacement of the microcatheter tip from the balloon after subsequent attempts to reach the fistulous site may occur and this may lead to occlusion of the parent vessel as seen in our Case #13. Postoperative bed rest, analgesia, prophylactic antiemetics, stool softeners, sedatives, and keeping a low blood pressure in the first 5-7 days postoperatively represent the essential measures to avoid displacement of the deployed balloons and consequent reopening of the fistula. In our practice, embolization of direct CCFs using detachable balloons represents the treatment of choice since this technology is still the gold standard of treatment for this type of lesion, and also due to economical reasons. In our experience, transarterial embolization using detachable balloons has demonstrated acceptable rates of cure and complications.
CONCLUSIONS
Endovascular embolization represents the first-line therapy for the management of CCFs. The main goal of the endovascular treatment is to achieve complete obliteration of the fistula and at the same time preserve the patency of the ICA. Endovascular embolization with detachable balloons still represents a safe, economic, and effective method to occlude direct carotid-cavernous fistulas, and should be performed by experienced interventionalists.
